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Abstract: The ultra-luminous infra red galaxies (ULIRGS) have an enhhancebolstaate which might
be related to a large emission of very high energy gamma rays. Arp 286 rearest ULIRGs (72Mpc)
and a well studied object. This source was observed with the stand alogia@n@mospheric Cherenkov
telescope MAGIC for more than 15 hours on-source. No significamingz ray excess was detected
during the observations. The first upper limits to the very high energynganay flux were obtained,
with an analysis energy threshold of 160 GeV. The analysis results wilkberted and compared to
theoretical expectations.

Introduction Up to now LIRGs and ULIRGs were not detectt
as~ ray emitters. The EGRET detector on boe
A large amount of stellar UV photons are emit- of the CGRO satellite, working in the 30 Mev
ted within starburst galaxies, and reprocessed to 10 GeV energy range, did not detect any of the
infrared (IR) radiation by local abundant dust. Upper limits were obtained for M82 and NGC 2t
Therefore these galaxies show a large IR lumi- and for many LIRGs ([8],[9]). An upper limit of
nosity. Luminous and Ultra-Luminous IR galax- 1.9 10°'? ph cnm? s! above 300 GeV was re
ies (LIRGs and ULIRGS) are those ones having ported by the HESS collaboration for NGC 2!
log(L;r/Lsyur) > 11 and 12 respectively [1]. The [10] . The first bound on the very high energy
high rate of supernovae and the numerous young ray emission from Arp 220 [11] was obtained wi
massive stars, coupled to the high density of inter- the MAGIC telescope and is discussed in the f
stellar gas within these type of galaxies might en- lowing.
hance they ray galactic output, of orders of magni-
tude, with respect to the normal galaxies ([2],[3]).

LIRGs are the dominant population of galaxies at
z<0.3, and ULIRGs are the most luminous local

objects. Often the ULIRGs are recent galaxy merg-
ers. As an effect of these galaxies collisions most
of the gas of the two objects is attracted by a com-
mon center of gravity. Then the gas is concentrated
in regions with extension less than 1 kpc, in which

an intense starburst is started ([4], [5]). The in-

ner active regions of the ULIRGs have high density
molecular gas, associated with large star formation
rate and cosmic ray densities. ([6],[7]). Therefore

the ULIRGs are candidatgray sources.

Observations and Results

Observations of Arp 220 were performed with tl
MAGIC ([12],[13]) stand alone Imaging Atmo
spheric Cherenkov Telescope (IACT), which is |
cated on the Canary Island La Paln28.8°N,
17.8°W, 2200 m a.s.l.). MAGIC is currently th
IACT with the largest dish, with a diameter of 1
m. It has a segmented mirror with parabolic she
and a f/D of 1.05. The hexagonal MAGIC came
is composed by 576 hemispherical photomultif
ers and has a field of view (FOV) of 3.5
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Table 1: Number of excess and background events and thesponding significance and upper limi
obtained from the Arp 220 analysis

SIZE bin | Average| HADR. | ALPHA | excess| bckg | N, | Crab rate 30 Upp. Limit

(phe) Energy cut cut(®) | events| events| (o) (y/hr) 10~
(GeV) (phem?2s7! Gev1)

200-400 160.7 0.20 10.0 295 8343 | 2.3 171.3 80.14
400-800 273.6 0.20 8.75 51 2873 | 0.7 182.8 7.89
800-1600 | 462.7 0.16 7.50 -62 707 | -1.8 90.2 1.00
1600-3200| 773.3 0.20 6.25 7 370 0.3 811 0.40
3200-6400| 1351.8 0.18 6.25 22 132 1.4 33.6 0.18

The photomultiplier (PMT) analog signal is trans- The source position-independent image paral
mitted to the acquisition electronics with optical ters SIZE, WIDTH, LENGTH, CONC [17] and th
fibers. The detector is triggered when at least four third moment of the phe distribution along the m
neighbouring pixels register a signal above a given jor image axis were selected to parameterize
threshold. shower images. After the training, the Randc

The v ray point-spread-function (psf) of the tele- Forest method allows to calculate for_ every e
scope is better than 0.&and changes with the en- @ parameter, the HADRONNESS, which is a me
ergy. The energy resolution of MAGIC is about Sure of the probability that the event is nplike.

20% and the trigger and analysis energy thresholds The~-sample is defined by selecting showers w
are 50 and 60 GeV respectively. a HADRONNESS below a specified value, whi
Arp 200 ((J2000) = 15" 34™ 57.2F, § = 23 is optimized using a sample of Crab data whi
30" 09.5") is visible with zenith arigle’ lower than has_ been processed with the same analysis str
20° from La Palma. The source was observed An independent sample of Monte Carjeshowers

from May to June 2005, with an exposure of 15.78 was. used to det(.arn"!me.the cut efficiency.

hours. After the rejection of runs affected by bad In Figure 1 the distributions of the ALPHA paran
atmospheric conditions and low quality data, 15.4 ©ter after data selection are shown, as functior
hours of exposure was left for the analysis. Obser- the SIZE parameter, which is roughly proportior
vations were performed in the so-called ON/OFF 0 the events energy. No significant events exc
mode. From the off source observations it is possi- IS found at any energy. More details on the sel

ble to measure the cosmic ray events background. tion results are shown in Table 1, where the resi
For more details see [14] are also compared with those obtained from a s:

ple of observations of Crab Nebula. Therefore 1
upper limits to the differential flux of gamma ra
from the source were calculated, using the metl
by [20]

The data analysis was carried out using the stan-
dard MAGIC analysis and reconstruction software
[15], the first step of which involves the calibra-
tion of the raw data [16]. After calibration, im-
age cleaning tail cuts of 10 photoelectrons (phe)
for image core pixels and 5 phe (boundary pixels) Conclusions
have been applied. These tail cuts are accordingly

scaled for the larger size of the outer pixels of the \yit this observation the first upper limits to tt
MAGIC camera. The camera images are parame- gigerential flux of very high energy gamma ray
terized by image parameters [17]. In this analysis, tom the ULIRG Arp 220 was obtained, in the e
the Random Forest method (see [18], [19]) for @ g4y range from 160 GeV to 2 TeV. When cor
detailed description) was applied for théhadron 510 with theoretical predictions of ray fluxes

separation. from Arp 220 these upper limits are one order
magnitude above the models.
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Figure 1: Distributions of the ALPHA image parameter for they 220 data, in bins SIZE. The SIZ|
parameter is roughly proportional to the gamma ray candidaérgy

The theoretical curves, which are shown in Fig- The curves are obtained using thdéunction [21]
ure 2, are the result of a multiwavelength mod- or Kamae [22] approaches for the proton-prot
eling discussed by [8], and [24]. From the pro- cross section parameterization. The latter (
ton steady state population the computation of the the appendix in [25] for a detailed discussion) ¢
secondarye® proceeds considering knock-on in- the most reliable parameterizations of the prot
teractions and decay of charged pions. The lep- proton cross section, which is devoid of the intri
ton population is let to evolve to its steady state, sic problems of extrapolating in [23] formulae !
computing the energy losses by synchrotron emis- high energies.

sion, ionization, bremsstrahlung, inverse Comp- |n order to reject or confirm the theoreticairay
ton, and adiabatic expansion, and their confine- fiyx prediction, one need to study fluxes which ¢
from the steady electrons synchrotron emission, ypper limits. With the instrument sensitivity of

modulated by free-free absorption. Infrared emis- tajned for this work, one would need an expost

servational data. These photons are the seed of in-this goal. Such an exposure is comparable wit

verse Compton process. Once the multiwavelength typical IACT duty cycle, i.e. 1000 hours per yea
spectrum of the object has been reproduced, theArp 220 is the nearest ULIRG and the galaxy wi
high energyy-ray emission is evaluated through the largest supernova explosion rate observec
the decay of neutral pions, and bremsstrahlung andfar. Nevertheless as a consequence of the dista

inverse Compton of the steady electron population. i :
Photon absorption is considered to obtain the final the galaxyy-ray .flu-x 'S strongly.reducec.i. o
predictions of fluxes. MAGIC upper limits are consistent with this ir

terpretation and with the theoretical prediction tt
results from a complete multiwavelength modeli
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